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tt* CiOf££(LED) ■>:- S'£; 7|?W Sfc LED SSI M'JMS, 

* tji»a ojAIH as 71? (temporary growth sut>slrale)§ JllSSth Mi SflfSct 
W§ iS, ZOT aBOattrce mate hing) g 5 fi£t ia Ah^o|c|- □ cH.LED S§ £<M 



Light Emitting Diode Manufacturing 



iz Philips Lighting LLC ka 



Light-emitting diode (LED) manufacturing methods with the desired mechanical properties 
suitable for the manufacture LED layer growth substrate chosen to temporarily (temporary 
growth substrate) includes steps to provide. For example, lattice matching (lattice matching) is 
an important consideration. Then, LED layers grown on a temporary growth substrate, achieving 
high quality decisions, and then the growth substrate can be removed temporarily. Next, the 
wafer using the combined technique combines 2nd floor of the LED board. The two boards 
rather than the mechanical properties are selected for optical properties. 2nd optical transparent 
substrate, and conducting an adult is recommended. Wafer bond techniques 2nd floor, between 
the substrate and the LED in order to achieve low resistance connections are performed. In 
addition, the combination wafer passivation (passivation) or photochemical provide four or 
current flow can be done to define. 
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(19) ^f^^f-^(KR) 
(12) ^^H^iL(Bl) 



(51) „ Int. CI. 
H01L 33/00 



(45) WH*} 2002^08^24^ 
(11) Tf-^Jl 10-0338180 
(24) ^-^4 2002^05^14^ 



(21) #€#3: 

(22) #€^4 



10 1994 0005398 
1994^ 03€ 18°^ 



(65) ^7fl Hi S. 
(43) 



^1994- 0022932 
1994 1 dl0€22 < a 



(30) -f^^l 
(73) 



1993^03119^ 



He] a i-l 6 Fr 95131 1008 J: 4 fliS 



(is) 



(72) ^4 



*1 6>95131t>2:^l 5fl °1 34=H 1372 

tf^lvK^.S-Hji 

p] ^ ^ ? j e| £ q oj. 9 5030£ i 7>£i a ^ h h o] y. 1 7963 
^1 W^lel 6 r94303^2^1 a HBH y.^7086 
*1 W^!2l o >94306#S <££4« $11 oj ees 

c-iiq^i.claii^ 

Pi W^Sl °1-94303#S <g£nH * ^Hefol y. 1Q43 



(74) tflel°J 



(54) « 4°liS. 7,-^ 



4°1^(LED) ^12: ^*Br 7]m 5fe LED 43,4 3 ^4*A ^ 7]#( 

temporary growth substrate) ^«Rr ^Tllf- i*h*!-4. ^11" 34 ^(lattice matching) -g: f^tt 3.^ 

4*oH4. =L 4^-, LED ^1*1 Aj^V 7H& $H A^Va^, ^ ^ ^4j^H, ^ * IH^l ^ 7]^ 

4?^ ^ $14. 4#, il^ 71^-t °l-g-*H 4 2 7) led f^l 2 7l*^ 7l ^l saj ^4 

W3°J ^-fr ^ AlBflgq-. ^ 2 71*^ #<?H WSHuI, ^5L^°J ?H H}#2l§l-4. *Hs| 2118- 71 

^ ^ 2 7l*2f LEDf^l-oH ^ ^^rfr ^*>7l ^sfl ^*3£4. a*, 3H^I ^£ BlMUlM^passiv 
ation) Sl^r #«>4# ^f«f^, ^ ^Wr?! ^sfl ^ °14. 
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5L 1 

4 1 5L^r ^2fl 7l^i 4^ 7l^# 5fe LED tfl* 

*ll 2 5L^r ^2fl 7l«H 4^ 7l^# Sfe °l=f LED i^HI tfl$ 

3 5L^r ^2fl 7l«H 4^ 7]^# 5fe o]^ a]&%^ LED i^HI tfl$ 

^ 4 5L^r ^ 1W1 W 7]3k%; Sfe LED i^Hl tflft 

^ 5 5L^r ^ 4 7]&%; 4>\% LED ^2:S] ^S., 

^ 6 £tt $IMs| ^ 7]^ °J^1°J 7l^-& Jf3j-*V xfl 5 LED^asl ^SL, 

4 7 <#^1 ?Kr ^ 6 £5} LED #££, 

711 8 £tt $IMs| ^ofl ^2:^ £ 4 = LED o] 

^ 9 £^r ^ 7]%o] 4 4 £51 ^ 3 ^^^0, i^ £> 

^ 10 £^r ^ 7]J&o] #71 ^ 5 £^1 LED a 4^ #^t£, 

^ 11 £tt ^7l«H Slsfl a] ^( m i rr or) *ll 5 £51 LED ^5} 

^ 12 £^ LED51 

^ 13 17£^r J*| SflE^g f« °l-g-*Hr LED 3 ^5L, 

4 is £ ^5i ^m-& ^m?] no ]3 \ z|*s- 

4 19£^r ^] 18 £ ^1°1 W ^£ iSs^ ^efl=, 

4 20 £^r £ ^s^l ^ «V J£ cf^ ^Lx|^ 7flE*5L, 

^ 21 £ S ^ 22 £^r 4 20 £5} A^g-^l ^fl^ tfoj^- £*R> 

£^ ^Ji tfltb ^X51 ^ 

32, 34, 36, 38 : LED % 40 : LED ^2: 
44, 46, 154, 156 : ^ 56, 58 : 
60: t^I £l 74 : A 0 >: r- 
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76: Sl-Jf 4^ 126: ^5.^1 *W 

142: ^4 oflwl^ 84, 86, 96, 98, 116, 118: 4^ ^ 

90, 100: 3! ^ 92: 

94 : «!-§- 4*1 102 : ^-S.^: 

* U^-Bt 4^ 4^ 4°l-5-H.(iight emitting diode; LED) °1| ^ J±4 4^13°-^ 4# 4°l-£-H 

5] 42: WJ4H1 4^ 4°14. 

LED^r 4°cM -§--§- 4*H 4*S4. sp 3j 44 cfl o)Ei 4*°1] flo^, LEDfe ?IH1-* 44 dM3 4! 

JL4 iLtflfetll <>1444. 



eflol^^ 44 LEDfe #11* ^S4r ^<L5L #* 44?t4. ^, #3 

W5H4. S* LED^ f-&* LED <893 ^ °flM*lS-4 4* ^(energy gap)* ?Kr 

#*f*l 71 optically absorbing substrate) $H ^#S4. °1 7l#* "S^H^ 

LEDi^H Jl^oI 7 D 4h44. ^Bfl 4^1 ^St 1 ^ olf^t^ single heterojunction type) IH^l^" 
£f- Hli(aluminium gallium arsenide; AlGaAs) LED^ <%7\ A] 1 2*1 3 o] 44. p - £4^§ AlGaAs^l ^ 
^^^(epitaxial layer) ( 10) 4 n - $ AlGaAs^l 12) °1 p - GaAs 71^(14)^1 £4 $H 44 

44. ^^#(10)4 12)^1 3^4* f-*Hr *d£°fl ^ti #oj « a v^ € 401,4. ^44 71^(14) 

si °im*i ## °im*m4 2i-7i ufl^^i, « 0 >#si7i4 7i*(i4)^ 6>eiis sum #* 74014. 



^ 2 E.tt £^ 7|t( 16) <>1# «>lf^ AlGaAs LED* E>1 4 5l°14. n- AlGaAs^l i^-If^ 18) 

4 4 7flSl p - AlGaAs^l #(20 S 22) °1 £*r^ 7|4( 16) $H 4^£4. ^31^4(18- 22)3 4H^(ba 

ndgap)* «;^4(active layer) (20) ifl<*l| 4°1 t^^H, 54^°) SW i^'lfK 18 ^ 22) * f-4*K£^r ^4 
4. ^14, 7l^(16)°H^^ #°1 4^S4. 

LED 44 ^3 4* iL4 s ^ui^l £ fe Af-g-44 A^ol ^a o t- € ^ 014 

^1 S4r 4* ^# *^5l^r 51* «o^l*>4. J2.*lBj, 7l** ^ ^#^(metal 

adhesive) S «14^ (reflecting cup) ^r^4. ^ 4*, ^ A fS ^ ^(chip)^ dfl^q. ^S.^ ^#^1 

°1 LED^l ^^ajilS %H^1?14. 



^ t LED^l ^2: ^oj-fe^e] 7 >4 7l«Jo) 014. ^ 7^* 714 p n ^-Sr o!l 

TT|Bfl^ A^j-Al^l^r 51*1 4. =L^, °}^\^ 7}^°} 7MjL Slfe 7>^*> ^14 ^(lattice matching) *1 <H 

534^ 4014 234 LED isiaj^^si zi4 tf^ofl 44 4444 ^4^1] 71^4 4#°11 ^lTjSlfe 71 

*^°11 LED °11^4^#-fr ^^l^lfe 4°14. ^m^, 4 3£^ n-£^^ 7l 4( 24) 4 p - ^ ^1^1 

^^#(26 4 28)4 5LA1514 ^4 444 714 ^|3l?fl4 ^^1?14. " 714" (24)* zl4 ^ W ** 

^ 714 ^Hi 75u mJA4 *^1* ¥^1^1 ^^i^s 44^°1^, #s.*a°rl ^^^^4* ^^l^lfe 5J°11 ^laS 
4. ^ 4*, 4^ 4(26 4 28)4 ^sl^4 " 714" (24) ^l°fl 4^1^U 714* ^7-144 
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44 44, m ^£ „ 7]%{24 y o^cfl icf gj=i ^(26 4 28) 4 ^44 - 514. 



444 444 444 44 LED4 42 71^^ 370.^ ol«fl o}el44 ^4. 4 444 444 SLzL ^ 

44^ 45L44 " 444" " 71*" 3j 4444 444 i4 4^4 ^gsofl 44 44 44 4444 444 nfl ^-g- 
4°d 4 444, SL^ 47>44 444. ^ B}*^ 7>^§l-4i 44 44 44 " 444" 444444 444^r 3.® 
44 444 J144HS, LED4 444 4444. 4 #44 444 71* 4444 LED 44, 44 44, 44 3-6 
mil 4514 44 444^ ^Mfecfl, 4£ 314444 ^£$0] v\^ 7 }7\ ^#4, ^4 ^#7fl gcf. 
44 44444 LED 444 44 4444 444^ 44 4444 4^3444. ^ ^ 7 >g 4|3.Al( s iiver - loaded 
epoky)^r 444 LED ^4 444 44 4 444 4444. ^44, 4 °H44^r 44 4444 444 44 S 
S^r 444 ol o.p! ; ols 0 J Sfl LED7 > rjs^ - £ 014. g^V oj=^ ^ q*\5L 10mi l 444 444 714 4 

41 444^r 4 1 4 25LS1 i^*^ 71^1^ SUZ 4444 cl^ - g^- LED s^ ^iA] sflH on] 

^1 nil ^4 ^44 4444 444. 444, 444 444 444 444 4 s-44^ 44 444 444 

44 44 44 444 44 444 44 ^ ^Aloflfe 1^ ^Jl i4 -§~g-AHfe 44 44 4444. 



444-$^, 444 444 4444 3=^ 71*0] AjBfl^ *£§H 4i 44( tradeoff) 4 444 444. 44 % 

42 7} *H 444 444 444 ^ LED7> ^ LEm] n]n o.^*> 7^3, SAj^. ^ E 0,0 

4, 714 led^t ^i^is 44 JL-i-sl ^7fe ^4^ 71*^ o^^, q n 7 >^44, i^^^^-t 4 

^l*t ^4 4^ ^4^ 714 $H ^4411 nfl 7^4 t( lattice mismatch)^ *l«fl <H^^ ^£ 

XI4 44^-$.s, 471 ^ S-^fe " ^4^ " 714" ^ 4131^^ ^144^1 * ^ 44 



H4r 714^1 a$ LED °flHl?fl^#4 71 ^ AH SI « 447l(Bragg reflector)* ^ 

44^^S4 ^i4* 4 44. m=i 4471 4#^1^ 4* 444714 7l44-*s ifl4 444 4-i: 44 
4 4°l7l nfll-i a^oi %h^4. ^£14, « ell a 44^ ^44^ 444 44471 nfl&i, ^^14 

444 44^ 7l4i ^14^^14. 4^1 ^44^-^4^ 9H4 4^1 4444 44^14 »ji 7144 1-444 
714414 *444. ^o], 44711- 4^ LED1:4 ^12:4 3 «H^5r^, ^j^al 6.S. iooA ^££1 4^1 

1- 44 &4 gj=4 4131^4^ 44 44°1 ^43 7] ^4^14. 



4 4^si 4^4 ^l^lSL smiisi " 4^14" 7]%m 44^4 7l?fl^ 444 444 44 LED^l 4444 444 44 
4 44 LED4 ^12: 4^4 444^ 4^14. 

44 444 led 44 444 4«fl 4444 444 44 444 4444, °144 444 4444 44 ^44^1 4 
4°1 444 444 444^r 444 444 4444. 4444 4444 444, °144 44 44 444 3414 4 

4 444 °1444 LED 44 444^r 444 44 (transparent menber) °14. °1 444 44 LED 44 4444 

444 45- 444^r led 44 4444 44 444, 444 444 444444 44 444 4^-44 44. 



44 °d44 44 444 44^ 444 4fe LED 4 4^4 444 4ss 44444 44 44, 44 44 
44s 444 *8*Ka 44 444 44444 4 4, i£4 444 44 4^4 °144 444. ^ 44, LED4 44 4 

444(liquid phase epitaxy), 44 4444(vapor phase epitaxy), 44 4444 44(metalorganic chemica 
1 vapor deposition) 4^ 44°J 4 4 4 4 (molecular beam epitaxy) 4 444 4 4 444 44 4 44 444 

444 4444 44444 led 42:4 444^ led 44 44 444, 44 4 44 444(confinin g layer), 

44 44(current spreading) 4 4 444(light extracting layer) 4 44 444 444-^-S 444 4 4-5-4, 

444 4-S.4 44 444 



4443 10- 0338180 



LED 42:3 443 443, -8-71 333 7 l t >^ cfljq^j^^ 7 }443 44 443 

4 45-44. 443 34 344 LED 44 334^-4 3)-7lu|. £4 °1134 ^4 5>7l nflS-ofl H 34 71 

44 333^r 43 oflu+71 ^4 44 ^3 AH3 i43 JL44 3 4 

*> ^ol4. oj^ ^ 7] #<n ^ ^SLt*z\ &4 4, =L tfl°LSLSLAl 44*1 ^Rl, 2fl^/433 (lapping/pol 

ishing), 443 34 °11%1( reactive io n etching), 34 43(ion milling) 444 4 $14. 34 3*3 333^ 

443 7i*4 344^ 43 34434 £¥f 334^ 5J£ a44 4 $14. 



^ 44, 3 2 3*4 43 LED s%o]3s\ H}^^ 43 33 7^1 2 3133^r 433 5-3^4 

443 as 44334. 443 71*4 3^4 *)!, 443 3*4 ^ 4443 4, 3133 444 led 42:3 344 
ol q- 34433 34 4 $14 443 LED i4fe LED i4 P n 343 344 43 3 2,* 33 443 444 
= 444 444 344 344 43 344( interface) 0 !! 4 3 3 44( resistivity) 4 3^44^ 43 4iL 

44. °J4(indium)4 S44^r 4444 3444 44fe 34(ohmic) 434 3^3 2-43 44. 34 44 44 

4 3334 44 S3 342.(surface mobility) 4, 44 44E(diffusivity) 444 34 44(mass tra 

nsport) 434 4^(34 43, 44 44(Hg bearing) 444, ?}Hf 44 ( Cd - bearing) 444 3 44 44(Z 
n- bearing) 4444 44) 4^ 4442. Jl3 ^ 3133 Tj^V .§..§. afl afl o^s^ ^i}. 



4^4 4^3 444 7H ^4 44 3344 44 343 m ^3 44$14 LED 42,4 

3* *3, iou m m 43s 3133 -a 3. 4434 333444 334. ^ ^1^ $134, °j 

33 34 7144 LED 42:3 ^4*3 cfl4 471 ^ 2 714^1 44 ^4 ^ 7 -144. A 27}%*] ^4^1 °] 

-g-01 ^vi 7^1 2 7143 $Hs| ^44 ^1444, 4|# 8mii ^143 4^4 7l4q 44^1 4^4^11 44. °l£i4 
4 2 7144 44^ 7I40.S.4, °i 7144 443 ^#4 44 444 fl* ^4 44*^4 444^^1-714 ^4 
714 ^171 4^4 ^4 714^1 aji^El ^71 LED 4°11 44^ 7l4q ^ 2 44 4^1 ^-4 444 
7^13 44^^ ?J7l 34 4444. 44, 7^13 ^^^01 ^^444, ^ 2 ^lqsl ^4 431S1 4 

*S 4^1 2 7144^11714 4 $14. 



471 3H51 44 7l^3j 44 4^4 45L^ 443 44^ 3*4 ^134^ 443 44^ 3*o.jl tfl*H*Hr 433 
4 434, 34 4-S-43 ^4. 333 34 344 443 44 44 434 ^1444 44 4^34 44 443 3 
43 434. 3 34 344 LED3 a44 33 3444. 443, iL4 44 45L34 4fe 443 3*o.s3 ^34 
34 333 443 34 343 33^ ^43 344 4434 334. 34 4443, 44 4^34 Sfe 4444 
ii4 44 45L34 4^r 333 334. 



444 434 333 4444 4^ 44 45L3 ^44 ^344. " 333 444" 4, 4 33333, 3133 44 
slr4l 4^r 434 443 4 a^r 340.^4 3344. 334 433 44^ 3334 344 ^34 343 

44(heterointerface)3 343 3133 443 3443 4^4 4 3 44 43 (misfit dislocation) 3 4^343 

4-5-S 4344. 3133 443 3434 344^ 4s ■ 33 43(ed ge dislocation)" , 4, 3133 444 344 
3 4 33 43 33 33(Bur g ers vector)* SHr 43s 3434 4344 434 443^r 4*-S 44344. 
34 434 433 °-3, 34 44 3E.3 " ^33 43(threadin g dislocation)" , 4, -$-34 3443 43 433 
3 4^ =l 3443 434 44^s 443^ 343 $Jfe 434 443^ 3334 344 J2-34 3444 3^3 
34. 
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4 «d-^ 4^ *H4^, 4f°n #^*\ m s i ^ ^ i ^4 ^i 44°i °ii^4 ^m. s 

4 44*14 44 III- V 45L^ Cfl7l 4*1H4^ ^V^KH 7>4 ^(hydrolysis) 4| 3] *fl 

%6\t\. ^ t^Ht <£3^ §1-0- m . v ^3^444 JL%tfc= LED 0 !] tflSfl 434<^ 

4714 4*14. ^ ^ ^ 3 E 4| r:Al5l AlGaAs LED^r i4 444^1 434c 1 ^il 44 44 

44*14 2: 444(28H 44^1 44^4 ^ o.s 44*1 ^44 4°14. °1&I4 43 t^V^ $Hs| tJ^ Af-g- 

4°-s*i 4 m n 44 44*14 a^#*(28)^ ^444 ^ 44*14 24344 a 

443 ^ 4?i4 443 4443 , d£ ,j ^ o1 ^ 3^41 ^ 4 $14. 444 GaP^i *msi it 

444 44^ 71^(24)3] ^JL 44 ifl^HI 444 4 514. 4, sfl A l U|l °1 4(passivation) 4 -rl 4°i *M *l 44 7 ] 

^4 444^4*1 4444. 



4^ 4^HH $1<H4, 4543 *1 ^ ( mirror) LED 42:4 ^44^ LED 4°H $1°]$ 444 4 $14 ^ 44, *1 3 
44°-S 444 44 ^4^1 JL4 444 ^4°} LED 42^1 4*1 4444. 4 €*1<*H $1*14, 4°1 a o > 71 ^ 
*Hfe 51443 £71 ufl4i P^fe SI^S 7|4°1| ^Sfl 3334 7144 44^ 7 ) # 7l #<y ^ cl 

4. 

a*, 3413 444 334 4433 33351 43S41, 333 ui ^ oj^a^ ^g. ^ 

4 $14. 34 44, 434 III - V 4513 afe SiC 3133^ 43^ 434 ^Sfl II - VI LED 42:3 444 

^ $14. 



a 4^ €^1 oflofl $1<H^, *H*I ^1^1^ f" §1-4^ *l|«>i^fi] ^7iaj A d 

^.S. ^Sl-Al^fe ^ofl a]*H ^ $14. «fl# LEDSl rflsfl €*r^ ^d^- |St ^$)t} 

71 ^l*t *fl*l3S| ^^1 $*\*\ ^°^°11 ^^-(depression)* ^^t ^ $14. ^1^°H 4M4, 7> 

-g-g-^Sfe LED^l °HnlEi( S pot emitter) T^f- ?i^§>7ll §>7l ^SflAi ^o. S 

^ 7j-iAl ? l^ 740I o jcf « o >ai o S ^ « o >^ hH l 7 , ^ sfl> ^o!^ a^^l icl-sL ^-tl-al ^| 

tfflEi^-i; a*V ^1-g-t ^ $14. 



^7R> 44 ^7iaj ^1*^4 o^^. 7H1 aj 7^m. s - 7401 4^§}4 dis 

U(van der Waal's force) ^ ^d^^-$-S €4fe 3^4 4^d^^ ^ife Hl3L4^ 6 1421 

$14 ^514 <g.§j ^5l# 2:*]-^ ^4^r ^ %V 7^1^ S # ^ a]^^ ol^ - 014^ 

5L $>Bl^ $J4. afb, i*°114 7i-4?l ?^1^4 4s ^-IS-sH, ^1, ^1^^ ^ n 

S.^ ^ S^iLsL $lsfl ^« ^ $lfe SL^ §-^14 3l^4€ ^ $14. 



ol^^ Tj^al O.S OJO]^ LED o] A^o] i^&tft: 740I4. #0] S3-A>r: = ^ ^ € ^ cl 

4 4^ %}°]*) it^^l 71*^1 i^-H ^^A)ol ^1^1 4-fS)4 ^E£, 4Z1 ^SL^ 8mil *1 

tf3 ^^1^ 714* ^^4 ^ $14^r 4^14. 



711 4 42:44, ^ 4^^ a5 4^fl 47>1 4711 44^1 LED #* ^°11 ^4^^ ^4^14 714(30)4 4^4^r 

4°14. 44^14 4^HH1 $l<Hxi ; 714(30)4 led 4^1 43, ^} ^4 714^14. 4 4^HH1 $1 

°i4, 714S1 471^1 ^ 444 LED^l 444^ 444hs, 7144 LED #^ 

4^44 sb14^ 4^4 4 $14. m 44, ^4 ^44 4^°11 $1<H4 4^-4 aiBj 44=>14. 

n £ 14, ^ai ^Hi $i<H4, 7144 ^4 44 45L aiEi, ^4°11 4^44 444 4aHH1 tfl^fl ^4 

4. 
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3^°J 44 33(30)4 25fti m 34 5O0u m 4?11 3^ GaAs 7^0^^, o] 34(30) 3°H4 4 

33 LED 4(32, 34, 36 3 38) 3 3444. 4(32- 38) £ 34 33^4 34 3^133, -fM 3-3 §J 
£33 3333# 3^3 333 344 4^4 <WH ^4*14 4 $14. 4(32- 38)4 34 3434 LED4 3 
34^14, 4 434 3^ LED 344 ^ 514. 33 33 hLSL 3^1 ^(32)4 n S-^ 33)4 () 14. 

33f^ 33 344 n- ^4^3 AlGInP3 44 3 34°14. °1 44 3 314(34) 4 800nm3 3*134 3 m oi 

4. 



AlGaInP3 434(36) 4 500nm3 ^H^o] 33333. 3 3-g- ; p E.33 AlGaInP3 44 334°-S 3 

4 513 42: # 4344. 44 3 344 800nm3 3*1 3"?] 4^14 443. 4 3 3-5-4 4(34, 36, 38) 3.4 44 4 

5134 7>*H ^2f^ 0 J ojr: -f( window )f^ #J=L 7^^1#(38)3 3 3 3 4*1 3 34 444 f/M^^S*! 44 4 

2:^3 334 f^lH 4 $14 °414 451444 4 Ell ^(Fletcher) 4^1 34 4*1 3 5,008,718 X3 333*1 

$14 



3^ 3513 443 44 3 333 333^ 33#(32- 38)34 344 4 $1^3, 3^ ^ a 
344 33 ^33 343 3333 4 ^3 feMl 3 4 $14 44 443 E41 3434. ^34 3 

43 44*<^ 333 33 33(30)4 433 343 344 31334. 7fl 5 51# 42:44, *J4 343 3333 

*<344(32- 38)3 3*11 33 S LED 424 44$14. 34 333 7117-lfe 443 34 3 J §/»34 443 3* 3 
3, 34 ^ 31:3 i*]-§Br 4^4 y o v ^°ll ^14^ ^ $14. ^14i ^4 4^1*1 4^3 

44 7143 7^13 7113^1 ^3g«v ^3 *v ^§1-3^ & v 4 ^4 714 3^i£, ^ 
s1*(32)-i: 34 Hi^r 4^^-*s 7fl3*i-i ^31** 4~&3 ^-s 7fl3t 333. 



0^33 33-3 ^13 ^, t£aj- 33^- ^ 5 £o1 i ^33 led ^2(40)3 ^4^(32) 34^(38) 3 3 
444. ^4* 34fe led 4^(40)3, ^4^(32-38) 34* 7143 4713 S 44^ 4^°H 

43$14. ^4 71^3 445143, °] 14^ led3 ^ 34* 3^34 4^ «1*H 
7>3 ^1^*^1^44. 



3 6£4 3£4 6 li, 44^ ^.s. 443$1 34(42)3 33)4(32)3 344 4^1 i» 5^14 4°14. 413 
si 444 44^ 7133 ^4 44 343 ^4 ^443 711^3 4 $4Hr 3^4 3444. 444 443 7] 

4(42)4 8mii4 a44^r 4^14 4^r 3°1 44344. 8mii s34^r 434 4fe 343 ^4°11 43 7134 34 
4fe 34 3^7-13 47Bf4 3°U, 44 4 344 ^-44 3°14. led 47£(40)34^r 3^3 444(32- 38)3 
3443 3J5-471 343, 3^1^4 34 ^-144 443 4 $1^, 33 44°1 34. cl4°l, 441 

3 44 434 3^134 34^ 433 7133 3*11 7]^ 43 °1 444 434 i7}f 3444. 44^1 LED ± 
444 44714 ^4 434^ 443 4 4443, 43,7} 3 43*113^ i4 44°1 4444. 413s) 444 i£4 

4 3# ^4°114 443°J 44 43 ^43 44^43 P n 344 43371^3 343=H, i7}7l 3^3^ 4 4 
4 34^H1 444 3 ^\$] 34 s\s. 343 °1 7^323 3 4 $14. 



3 7£f 3-2:44, 32: -g-33 3333^ 1§ LED 3^°1 i444. 44(44)4 3^3 44( evaporation) 3 

3*11 44 334(38) 3°11 3443. 444 H34fe 43^?1 3^^4-44 4434. *ll 2 44(46)4 44^ 
34(42) 43 3^44. °1 ™fl, 444 sft 344 4 $1/5-4, 344 4-S-44 44- 43^°J ^fe?-^l 

4 4434. 



333 Aj-3-0!] 333, 333 333 4445L4 444 434 434^ 3°1 44^4t)3 s^r iM7i7H 4 4 
34. 314 43, 3 8£34, 3 2 34 33(48)3 Tfl 4 £3 42:3 44=1^ $14. 4, ^ 2 334 33^1 
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A ^4 71^(30)51 ^Tj^ofl lfS4. ^ 2 71^(48)^: 6mil4 2:444 " 4^14" 4°d 4°1 44^144. 33 

2] ^4 713(30)^1 aflTH 34 ^o\js\ 344 °WiI#(32- 38)°1 7l*i °l«fl 34 ^l^ls|7l nfl^-ofl 71 

n*\ a A 4444 ^wsls, t^i^ 4°i4. 4^3^, 44°ii 3 2 7i3(48) $h 

4 ^44 4 $14. ^4 *Hs|#4 314 3 5] #(32) 21 44°114 ^ 33(30)4 tfljflsRr 7134 4?11 3 

44 4 $14. 



cfs 3333 333, ^ 4 £.3 J=34Aj g:*= i^Aj 33(30) $H #(32- 38)* ^4^14 44^1 42:3 4 

5L $14. *ll 8 £3] *Ms| 444(48)4 4?Pi 4^ 33 &3 3 5,008,718 JL4 4^4*1 444 44 44 451 
44^44 4^ 4513 °H, 44^i>-S 444 °d ^3 334 333 ## 3/g3r 33 333 ^AJ-^ 33 

°14 *fl4°ll *l 44(48) 51 34 ^, 3^3 ^4714(30)4 ^T^aL 333^ 3213 333 4= Aji. ^a o > 33^ 

341 ^ 444^ 451 7^34. 



£"144 3 4 513 ±4^r 44 45134 4fe 44^1 44^ #(30)* 7}*]S-jZ, i4^1 44 44 4 §41 4 

£ $14. ^tl $H44 14 ^ 333 45134 £fe 44^ 7134 3^ 344^ 4<>1 44^14 4°1 

4 #5=^3 f*Rr i43 ^Aj-Al^ 334. 3 ^33 334 34 45134 44 ^#4 LED #i 3H3 

44^H4 44. 14 ^4 ZSL^-ir Sfe 44^ 7)34 34 45134 S4 44^ #3 *M 4 a=fe ^7] LE 
D^Si 341^ 44* ^ 34. 



444*1 S, ^13 Aj3- ^Aj 71 14 ^4 *d£^* Sfe Wis t^l* 4 $14. 7l^si 44 

i ^^-i: <WRr 4#^ltt ^117} 4^^1-d, *14 ^ m£ LED i4Sl ^ 

Aj-A^J 3014 



*H 9 ^"2:4^, *H°l3*l 7J^--& iE*V ^1 4 £ JEfe 7fl 6 £^1 ^2:°11 Sfl ^ a)] c] ^1^4^^ Af-g-^ ^ 544. # 
^ ^^1^- III- V «d£^lfe ^7H1A^ ol^ 7 }+ £tM ^<LS. x\i}5\7] nfl£-ol4 

o}££ ^3 3$]-^ Aj-^wv 0 d^n)^ *V^- HI- V °ll3|^^#l-(30- 38)* i^"4^ LEDi ^ISl^Sl 

47144 i» ^3 7i§>^ i^^|3 ol-g-5| fe ^o> o^p^ ^ ^?i]f.(38)S] 471 

€ 4°14. «1 4* 4^1 34^r, 44 m 44^14 444^1 tfl^-SH ^ a^l-i: ^44^1 S*4r 4^14 

44^1 44^ °d 45L^sl *Ms| 444°1I ^*fl cfl^l« ^4 ^144 4 $14. i# 44, 41 33 444(50)4 G 
a p°d 4£ $14 



A 6 £4 4^1 42:44, 44^ 7^(42) 4 led 42.(40) 4°1^1 44fe 4713 ^44 ^44 444 °144°i *S 
4 4 $14 ^14 44, 44 ^4 ^4 W^A 444 7)^( 42)^1 44 S4 ^°11 1^44, ^44^r ^4 ^4 

LED 42:3 ^44(32) ^44 4 $14. IOOOA 0)33 =3^ ^ 3 #«-7fl (contact) 7> 44^144. ^4 4 

7fl3 tffl44 ^144 4713 ^44 444^1 4 4 $14 44*1 ?\*\ 4^r 44-H, ^4 47fli ^l^fl 4^^m 
4^14^4 LED 42:4 71^(42) 7f33 3^371- 7]3*-S4^^ 44s 3 44^ 713/AS3 44s# §1 
44 4 $14 44 44*1 444 44. ^4 4^ 44^714 4^°1 44 45L $14. n 44, 47l 7l*3 5L44 

^44(32)^1 ^44 ^451711 4 4, i4f i4°114 (annealing) 44. °1 44 <H4^4 «1^444 ^fl 

3 333 33-^ 3^321 ^33 3:4 47fli4^ 444 ^1444. 



444*1 10- 0338180 



4^4 - w>5L^ 44°H 444 44 ^£71- 4E-4 - -fM 44°11 tfltSfl 445)534. 45^1 - 4£*11 44°11 «14 

^ 45L31 - SiCfc^^E 4t7HS4. 444, 7l^ajo] S^Ajcq 0 ] °- nfl^] Afl^^o] _ o.^ _ £ 

4 ^1^4^ 45^1 - SiQ> - 45^14 4^}^ 444 71 4 LED4 «I444 4°1 44^4 7j\o]^, 4 W 
42:44, 4^4 Si0 2 JE^r 4^ 44421 4(52)4 #43 4444 42.-^ 714(54) $H ^4 4 $14. ^ 4 
4, 4S i?H 4^4 4^H4 ^ol ^ ^444 Jf7fl(56)^ *\}^}7] 4(52)4 341^44. tfl^ 

at ^-7>aj o. S; xj-s^ ^ 44#4 ^-^(58)1- LED 42:( 40) 2} 3)44(32) 4| BflE^ 4 451 4 

4. 44 ^4 4^ 4x4 4713 34 444 434 ^1443 47l 3444 ifl44 443-°s 44-141 
7]] *Rr 4*11 434 3445L4 sflEl^sl^44 44. ^ 44, #(52) si j£44 3^4(32)21 3144 34711 s}2 
34^4*1 44 433 4133 443 ^43^4 44. 34^4 35.4 43 44 4^4 #3H^ 7A*]v\. 

4 11 514 42:44, 444 LED 42(40)4 3 3(60)3 4133 4444 44, si ( 60) 4* 44 31 

33 wU^ ifl« ^ «Uf*> ^oltf. ol HU fe ^6, f7[A] ? l ^4. ^(60)^ 34(62)3 33 

334^ 43 44344. 44 43 343 £4471 43 4433 7143 443 434 443 &4. 



33(60)4 34(62)4 4513 las 443, led 42(40)3 43334 sfl 4^01 7 143 444 4 4711 34 
44 334 314 3334 34334 « efl^ 4433 3*11 334 4 44. 434 GaAs4 3334 £3 

444 44 7fls# 3443 714(62)4 44 4 44. 34 3s. f> <>14 ^, i# Sl 4 44 ^4 hI^^ 4 
4 145L-^4 471 uflS-^, 44 i47> Ji4 Efe ji44 4^°1I4 44444, ^14 lat^ ^4» ^4 44^1 
4 4 44 



LED i4*4 3L4 ^lol5) ^7^^- ol-g-Sj-o} ^ ^4. ^ ^7>f- ^ i 2 £i £Al*>4. ^ 
^447> i4» f-*fl ^4 4£^°1 4^1^711 44 a el 4 ^^14^, 44^1 LED 42:(40)4 44^1 LED 42:(64) 
4 4^11 44* 4 4^/47-14 4^ #i 44€ 4 44. 44 LED 4^(40)^1 4(34 S 38)^1 £^ ^^4 44 4 

4LED42:(64)S1 ^(70^ 66) ^ ^Bflofl cfl444. 444, 4 LED 42:(40^ 64)4 44 4^-$-S till IS 

4. 41 ^1 44€ S4*4 °fl4 44t11 £^sl£4 ^2:5|«H 6 > 44. 444, 42:1-4 4^11 444 ^, LED 

42:4 4^514 4^4 44 44711 S^^Bl^ ^4( tunnel junction) (72) 4 ^44. °14 47l 3 ^ ^4 

4 n. ^4^1 t#S a4i ^§11 44131 44°1 s Jsfl^l4 LED 42:^1 4 44^4 ^4^14 4£ 

44. 



4 12 SL^i i7}ir 44^1 led 4^(40 S 64)/)- 444 4°Hisl5L4 44 44(74)4 44 44(76)°11 444 
°17}4°-S*| 4444 44 444 ^*v^ 7)4(78)^^1 ^44*14 444 

4°l^i4 44711 £^4 Bi^i ^44(72)21 H^Hif ^4^14, =l ^ ^447> 5Lf- 4^fls 41 44 °4d 4 

clS, °J51 4^1 LED44 4^1 ^4 A l7l 4 4^4 ^at-^^ «> - 014^ LED ^2:( 40 ^ 60)^1 

4^5l^r LED i4^r, 44 LED 4^4^1 4^1 44 ^4, 471 7)14^4 LED 42^4^1 444^1 4-5-5L 

444 4°14. 4^4(38 ^ 68) ^1 4°d4 44 °H^i41- 4fe 5J4 4^41 ^4 ^£14, 714(78) 4 ?ll^ °d L 
ED 4^421 44 °!41^m4 ^ °141^1 ^4 £fe 4°l 44^44. ^44 i£4 £& 45L^ ^^4 ^4^171 ^^4 
45L 444 444 44 



led 4^4-21 4^4 "Hi^v 4-01 71445L 44ls) 444 4 5i4.44^!4 4^HH1 4<H4, 441^1 444 

4 lmil4 2:44^ 4^14 4^r 42-4^4, °15J°1| 444 4 Si, Ge, A1P, AlSb, GaN, A1N, GaP, 

GaAs, GaSb, InP, InAs, InSb, ZnS, ZnSe, CdSe, CdTe, SlC7> $X°.v\, °14 44^1 ^a|4 5f£ i444. 441 

sl 44 7144 Ai^Ai ^<a47l4, a^r Ai^^Ai ^oj 7,^1 c^s\^ ^444 47>4°1 444 4^ 4 
4 °11^4 a^v^s^ 7m <q 7^^- 7^4 tj«t- ^44si 45L44 44^?14 44 44 ^4°1I4 4444 
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3^4, 3144 44 444 444 44 44-^44 ^5)±r 44 414 j\3.m <%^^<UL*\ ImilJict- 44 

4 44444°-S 4fe 7^ 4444. 5&4, 3144 Iff^, 41* 1:4 144 ^ 7l # flofl <g444 2u m^4 

44 44444-°^ ffc 7AS _ 4444. 3 44, 444 44 3144 4444 44 444 444 4444. 



4 13 Efe 4444 4514 3H4( 126) 7 > 444(130), 444( 132) 3l 44 ^7^1^( 134)4 i44^r LED 
4S( 128) 41 4 4 4 444 €4 414 4 4 * 51 4 4. LED 42^ 71 4( 136) 4 41 4 44 4 4 4 7l 4( 136) 41 4 4 4 
4444 4 $14. 4444 4514 444( 126 )fe 4 8 514 4^44 444 444 44 44 4514 44 ^ 4-° 
4, 444 4J14 44 444. 4444 444(126)^ 41444 44 314(138)41 444( 140) 4 44 44. 44 
44 4444 SMILED ^« ^ ^ - ^^ A l 7 = 



4 14 514 444, 4444 4514 4 4 5) ( 126) 4 LED 42:( 128) 4 44 444(130)4 444 4444. 44( 
142 4 144)4 4444 ^o 1 3j| ( 126)^ 44 £44 44(136)4 44 J£44 I^M 4444 4444 444, 
444( 140) 4 44(cavity) 3Efe 4 444 ^^4. ^ ( 142)o1) tfl^V 444 47Hr LEB ^( 128) S 444 

4514514 4 4444, 444 14 Esj 44 if 44-J£4| 51*11 51444 444 44 4s 44 o.s4 * 
a*l 44 444. 



44 44*£ 4H4°-S ^44 4444. a 14, 4 h 514 4144 4^4 0,4 44 *^ ^44 led i44 
Jb§r4 ^4-44 SH* *d44 44 If 4441 4444 &4 4*34 4444. 



4^#44(dis P iay) S °1H^4 44 4^ LED 4.4S4 44 7fl4o.s4Ei 01^4 flf^M 4 

15 E4 71 4( 146) 41 LED 144) « S444 41 Ej « 4 ^ 4. 4#4( 148 ^ 150) 4 *H <^1 *\ 
^4^(152) ^} wm. LED 42:4 ^1^1^ ^W^i ^44011 44 4^*4 44(154 g 156)^4^1 ^ ^ 
44SS1 44 s#4 ^^144 7144 44. 4^4S4 ^44^1 ^44 ^4 ^^4 mm nfls-«fl, ^^14 s# 
4«4( 148)4 150) 4*H1 44 ^« ^^4 ^11444. ^4 ^^414^1 44^1 S ^ 

^ 41^1^(142)1- 4^4 i^Hl 4444 44 4441 fl^W 44^144. 44^4 4aHH1 4<H4, 4«4( 

148)4 150)4 ^4 44 ^^4 ^^144 ^^ (inslde dlameter)4 44 4°^ m ^(single annu 

lar cavitiy)Sl 4^ 4^ 444°14. 



444 45L^1 sll^4 3L4 LED 4i2-S4Hl 444 44 ^l^ i>.s 44 444^^1 o^jo^ 

444 4 44. 4^1 44 444 £4-3] 7)44^ 44 44 31 444] s]^4 4°14 ^414 ^ i 6 5L°11 £^44. 
LED 4( 156) 4 444( 158) 4 444( 160) 4<>HI 4-^14 44. ^144( 162) 4 ^144( 164) tfl^sHr 
444 ^414 4444. 4 44 ^^(166, 168 170)4 444 «144 444 4 44 ^jts 44 

(172)J!S4^ 44*1 4*14711 ^444. ^14, 4444 4^1 44 444 m 4441 44*1 7RM1 *114 44. 
=i*4 4 ^4 ^ 4441 4*11 44 4444. 4 e 44 4^4, 4 444 444 4 44. 



44(172)J1S44 LED4(156)-*S4 444 4£fe 444-*^ 444 ^44(166, 168 31 170)41 4*11 444 
44 &44, LED 4-^44 4^ 444 44 444 444. 44 44 444 4 44 4 44(166- 170)4 4 
44 444 4444 4441 44 44^4 4^44 44 4^44 4444 m 34 4441, 444144 4444 
^14 144. 4 44 444144 444 4444 4^4 *I144 44 4441 4444. 444-^-4 444 H 2 34r P 
H 3 4 44 7Li 444 44414 4444. 444, 444 /Lis 4444^ 444 44. 44 44 7}^ 5L4 4 
44 451414 141 44 7>44 4444 444. 45L44 4444 444 444^4 3444 44 44 441 44 
4?11 44 444 &514 44 44 444444, 444 4-3-4 44 444. 



- 10 - 



4443 10- 0338180 



333 4 45L3 333 444 LED3 33 4*344 4^ 434 333334 33333 44 3*3 34 LED3 
443 43 LED 44 4 444 3334^ 434. 3 17 513 $133, 3334 LED 4( 174)4 444(176)4 
S44 4. 3334 ^(174)4 43 3334 443334, 71^(180) 33 LED 4(178)3 333 4434 4 $1 
4. 444( 176)51 334, ^ 2 7l*( 182) 4 3334 LED ^3 44 S43 333 4444. 34 43, LED 4 
(174) 3/9^r 34(182)4 3334 ^ ]£*V, ^ 71143^ ^o^ 4443, 3351 4 4 4 44 

4 3334 4, LED 333443 4 44 333 4444 351 7>^44 



43 3 13 511 4^44, 444(140)^ £4 33 333 333 *)1 o] i 2 6) 33 334 4 $14 a 4, 

43433 4 434 4^ 4344, 4443^ 4fe 33343 3144 3334^3 Ai~g-§ 4 $14. 43 i^l, 

^ 4^ 43 4^3 3433^ 33 p- n ^44 3343 34 4^3 443 (selective diffusion) JE^r 34 ^ 

334, 433 34 33 33 a>s].- *so, x^v afe ^ ^ j7 oi_g-7Br*> 4343 2:43 $14 
44443 34, 3443 4443 4444 34 1.6^4, 334 33 3 333 443 33 333^ 444 
c.^*v « 0 >3 o.s 43 ^4 34433 4444. 



n- GaP e>l-g.«H 333£ %.£\ $0]$ Tjtg-A EfliB44. 3334 n - GaP 344 4^44 3^4 3443 

sflB^Sl^l ^ n - GaP 343 £^34. 3334 34 175u m3 344 34 15u 3*1* 5fe 4i3 

4«4» 3W°-S3 ^£4. 4«41:£ ^4 125u m^51 4£ 33513. on- 73 7 ]% 333£ ^3 

*m 4 $li, 71^21 7 0 T-£^ 7l^ol 27fl*l>H t #^44. cfl^ 40u m^4 4^ 37l# ^-#42. 

5*V 4^7^014. ion m ^4 4^ ^l^s 4fe 7^H, =L ^4 "Hft 37151 qs\ g ^- a>^ ^^01 
^1^* $1^1 S4 n- $ Stt p- ^ 44 W unipolar bond)^: 4^ 4713 *H>Sl GaP- GaP ^^"4 InG 
aP- GaP 7l^€ 7l^°11 §H ^^=1^, ^ ^4, ^^N^ ^l^l^^r^r «1^^ 7>S^ ^ 

^14^4 4S4^ ^d^-» 4£t 4^ 9X4 44. 



^ 18 £tt ^ ^ol3l(80)5l A^^l °l*V ^ lA i*v 74014. ^olsl ^ ^ J ±^ 

47fl(84) ^fl^l el^li °J ^(recess area)(82)°ll 4^ $14 51^1^ ^^(82)^ ^1 1 ^-7fl ifl°l 0. 

5°J*1 XQ8-?14^ 43^14. ^ 2 44 4^(86)^r ^ 1 47flS^-Ei 3! ^(alignment pin)(90)-i: ^4* 

012.S- Sj^ ^ (hole) (88) S444. 2.^1^4^ & v 4, 4^ «fl 7] ( graphite shim) 1"^: 4^1 444 3Hs| 

4(80)^1 4^l7> 443°J 43 44 44 444^ 34 i445L4 3^1^ ^^(82) 4 °11 *°i4 4 $14 



4 1 44 4^fl(84)4 4 2 44 4^(86)#34 4(90)4 °l-§-*H 1444 ^ 2i^^l(assembly) 4 4 4^r 4 
3 4( quartz tube) (92) xflefl 4^4 4, °134 7fl 4 4«- 4S(open tube furnace) 0 !] 3^44. 4E.^r 44°1 1. 
033/4(liter/min) °1 H 2 ^fl 7 1 4^14 850- 1000°CS 4444. 45L 4°14°11^ 44^r 45L43^ 44 S oH 

443-5-S ^4514, 5^ 43 134^1 3134 ^ 4^1 ^4 433 S444 

7>1 44, ^33 4(80)4 4444. 4434 434(92)3 4134 34(5.5x 10 1 /C)4 44 434(84 3 8 
6)3 1^4 34(8. 4x 10- 6 /C) 43 433 343 4^44. J&4, 333(80)3 1^4 34(34 43, GaP3 
34 5.8X 10- 6 4)5L 4ii4 3-5-S, 3^5L 4433 5 4^ 433 44. 44 45H3, in - v 4^3 3334 
4 4i (plastic) 3 4 334. ^ 44, 333 J£44 3-44 3 3s 4433^ 343 $143, 334 33 
3 S43 34 4 4334 ^44^3 £43 44 
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4 18 £3} 44 4*1 ^flS3l *|*H 44, *Ms|(80)fe SIM^I S4 °-S4^ _o « # g:^ 

o] m^S-^ 44. 44431 -$-°J#4 4H^iS 4# TflTl ^(degreasing technique) 41 444 aflTl 

44. In x G ai _ x P S GaP 7flg_4 7^ 44*4 4^4^>-S NH 4 OHf^l43l 444 3}^ 711444. 444, *H 4 4 
3144^44 444 40^ NH 4 OH5L 41444 44 444(methanol) ^ 4444. 444 S444 44 

4 44 4^ 4444 444 44. 

^ 44, 44 444(80)# 444^44 4444. 4444 *el f^aL, 4 EflS 4^ ^oifl 0)^6) 444 $fl o] 

4(80)7} 4444. ^44, 444 44 44 4 4^ 4^ 1^ <y44 LED 4*1- 42i4 44444 444 
71 4 4 451 * 45144 4444 444. 444, a cfs ji^j 440I .SI444. ZzejHS., 4 18 5151 44 

444 4444. 

444 7144 4^4 444, 443i|4[(l00)44 (110)4 2° i&fe 10° 4444 4 4444 4^4 GaP 

:S(n~5X 10 17 cm 3 ) 444 (GaPs 44 ~2mil 443. GaP4 44 44^4 GaP^444 GaP:Zn(p~ 
2X 10 18 cm 3 ) " ^14- 44(pseudo- substrate)" /AS 4444 $14. £E4, GaAS:Te(n~5X 10 17 cm 3 ) 44 
4444 44 44(MOCVD)4 44 4444 ~lp mIn Q5 Ga Q5 P:Te(n~lX 10 18 cm 3 ) 4 MOCVD4 3144 
GaAs 44 4444 In Q5 (Al x Ga l x ) Q5 P 44 4442: LED3 444^ 42- 4444. GaAs 7l 44 ( 100) 44 
( 110) 4 4°-3 2° 4444 4 4444 4^4. J2-4 SIMs) 444, °J44 °-3. HCl:HNO 3 :H 2 0( 1: 1: 1) 444 
ol 444 Sl5}o| 314A344 44 444 4444. ^ 44, ^l^l^^-fr n- 444 44 AuGe ^/E^ p- 

*g AuZn^s 444, 4444:a lis 4444. 

4 3144 ltf( 80)^1 3^444 4*Rr 444 444 ^| m q 44 ^^^^1 ojo^ 

4^1 tt 3.$ 4*0^^4, ^#°11 5t4 ^1°15|1:31 S^^r ^2:^4 *V4ir 4°1 0 a V Bl^ $14. 4^tt 44 

4^tt #311:3.4^ NH 4 OH i^Hl 31S11 fllol^l-i- 4^ 4^1, °H4 ^l°lsl(80)l- ^14^ 
^4^1?1 4^fli4 a-is ^^sl Til 4fe 431§oi i*vsi4 ^ 4^ 7 > a^-g 4^-i 

7J ol sllr^HF: 1"*1 ^-^(deionized water) (1:10) i%Hl ^l-frSj- ^-g-^ ifl°114 ^1^4^ 

N 2 s 42ai ? i^ tfloj-aisi ^i 2 ^^g^i ^oi5|4 H1SS4 *li ¥ ^-f £¥°11 XH4, n 

- <8 GaP 71^4 (GaAs:Te^3l) n - ^ In Q5 Ga Q5 PS ^S4. 47l tfl^fi] £^ 7fl2: ^>H4, 7l»§- ^ 

18 £31 *H<sls| TJ^- ^1 ^\6\] «fl^4jL, a $llol3l#A slqc] lOOOr^Ai 1 A14 c^*V4 ol nfl, 

NH4OH- Pfl4^°11 3lsfl ^12S ^ol^Sl 7^ o. uj^^ uj-^ ^ otf 7j^-( resistance ohmic bon 

d)-!- 44v£4. HF:«-^1^S1- ^-g-°Jj ifli^Sl °1HH1 Sl«H 7112:=! fllol^l-^, 4^1 ^i^-S ^ 0 lsl3l " 58- 

^(barrier)" <>1 ^7fl4^ 7^^^ H ] 7^*^ 44^4. °14 ^ H l *14^ ^4^-5-3 4431 fll °1 

sl ^^-4 7l4iS4^ 4^ AH 31 7)4iis 44# ^44^1^ 4^ ^4°11^ ^44^1 ^4. 

NH 4 OH Pfl4^ S4 ^12^^, 47fl, n- H InGaP7l- n H GaP^l 144 lt ll 44^r ^ 7 ]xj ^| 03^ <^ «_> 

44^14 2:* ^444. ^4°1I NH 2 H II, ^144 ^°fl43l ^1^4 n ^ N 2 °\] 314 42:4 44 

4^ S4 7^12^ Hi 7^4^ 7J4^ 01=71 tt4. ^^4 3 4^ ^2:*^ n - ^ In 0.5 Ga 0 .5 P(GaAS:Te) °11 tfl 

4 (n- $ GaAS:Te ^31) n - ^ In Q5 Ga Q5 P3) 44°fl ^44 ^4 44^ 44 4^4 47144 ^14 4 

^l^r GaPS4^i 444°1 7^7-14 4 44°1| In 05 Ga 05 P3) ^4°flfe £& 444*1 T^S^l nfl^-o^^ 

^444. ^£14 4°H tflfb sl 4^ 444 4^is44 444 44 4^°1 in 44 44431 4444^ 
4°14 

(a) n- ^ In Q5 Ga 0 . 5 P^l 444 n- ^ In Q5 Ga Q5 PS aL^fl 44 341314 (b) n- f GaPi 444 u- H 

In 05 Ga 0 .5 PS 4^5l^r 31^1 44 ^1 6 1 *\ 4 ^^44. o]s = o ]]o ]^ AflE (set) 44^ 47^ a/j 

4 4^r *n*l3£| 444 711444 ^e14 (a) 444 n 1ln Q5 Ga Q5 PAn Q5 Ga 0 . 5 P 444 (b) 44^ n - ^ In Q 

5 Ga 0 .5 P/GaP 44°11 Hl«114 ^44°114 44 44 ^44 4444. 4, (a) 31 14^4 7^4401 4 L5Q o^^ 

44°11 (b)3l 7J4oi]^ 7l4^ol 4 5Q (20X 20mil 4 0 l(die)) 44 J&4, 44 44 In o.5 Ga Q5 PAn 05 Ga Q5 P 
444 1000°C^4 ^^^l^r In Q5 Ga Q5 P/GaP 44°H H 14^ cfl4 975°C 44 45L°114 44 *Ws| 444 

4J1t 44 
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4&|4 44^ In 444°1 LED ^aofl <>144 ^4 *)H^) 444 m H^aj^tl^ 44 4444. 

°11 tfl4 44^1 7 )44 4^4, 4E.*)1 o] 3E| ^ ^ 44, 44 -§-33 (shear stress), 44 - 44(evaporation - c 
ondensation) 4*°H 4^?} 444 4°144 4°14. In 44 3)4#* 7^3 444 47] 444 44 

4 Ga €44 Hl^SH l n ^4<>j £1 g 445.7) ^7]4 GaP°H In Q5 Ga Q5 P^l tfl4 44 4^41 ^Aj-s) 

£LS 44^14 4°14. 5&4, AlGaAs - GaAs - InGaAs 42:°114 44 44E.4 444^ 4E- 434 $14. 4 

S?W£, In4 i^l 341 5] 44 4^ 44 GaP xflS 44 S^r 44-°S £] <H 44 ^4 44°11 In x Ga l x P(x< 
0.5) 444 ^444. 

In 44 444 °1^H4 444 44 4 ^4 44 S4 ^/SE^r 444 cfl^ 44 4 A <34 ?Hr 4^ III V 

JE^r II- VI 444E. a*t 3.^] $Ms| TJ^HI 434711 444 4 444, Hg- 44, Cd- 44 S Zn - 44 4 

4^4 44 44 -g-g-ofl 4iL ^ 3)44<>14. 



44^14 34^ 434 4^4 £ fe ^ 0^,5) £^.6, S^ofl IE 4^ 4^4 Bf^Ei^ 4 18 43 Ifl 

°114 3133(80)4 34^4 "fl 444 451 5L£4°d34. 1 195Lfe ¥ 7fl3| 434 = ^444 51344. <H^°1 
HS4334^r lOOOt: ^H^l " 7)4^(fast)" ^A]-7) 1434 443 3343 =^4334^ 1000°C 451 

77H°i - 444(siow)" ^\7\ 1444. 34 ¥ 34 3 434, ioorc433 t^a) 44^1 1 443 34^3 44 
44. 434^434 4344. 



4^3 " 444" ^44 Q^qsLS, 44 451 ifl13 £4 3*<H3 44-1: 4344. 334 4 

44 444 £41:3 n4 4*43 44 44^4 ov^ ^ s »7l nflS-«fl o)7l « ^ *H°1S| 

^d]} <gtf c^i^ ^2.0^ ^ig H-sfl( decomposition) 1^ ^rS)!" ^(thermal oxide desorption) S]-§-§ ^} 

014 att, ^>^1^ -S-71 " £W TjAVi ^l^S)ir ^4 Jl4^-?] ^-Ei 6)71 « ^ ^ 

£14, =L S.^ ^1 n- <8 n- <8 ^l°l3l# Wl p- ^ ^1 »1 ^ p- ^ *1 3*| * nfli 



n- <8 *H oi i^p. 3 violin Afoi^ii t-1^ tj^ 7401 ^4 ^-0144^ ^ 7>*1 ^7l7) p 

- GaP4 p- GaP^l 7j^-, a*V n GaP4 n GaP^l ^1 ^1 ^ o]^ - O-ofl oio^Ai, 1 

000°CiAi 1 44 ^-oy ^*|44 n - $ p _ <g TJ^- i^l 014^, X^j-Aj 7J^ AflS OJ4 ^ofl 74^ W4 

^44. 35)1), 714 A^J-g, 12X 12mil ^Sl ^-f GaP/GaPn- ^ 44^ ^l 0 !^ ^4(^^= 5G )-M.4 GaP /GaP p 

- <8 44^ 44AHK0.9Q ^14) 14 44. P f ^#4 4°H1 ^14^ 14* ^^4^r 4°1 
4=14 4* n- $ E4H(do P ant)i «1 4^1 P H 5L4BS) 44 45L4 *7l «fl4<4 444 



^^^1 ^ 4^ GaAs 7144 ^^fl^ 4?fl 4 LED 4^4 Hl^sfl 4 nfl, qi4 2^1 711451 444 441-^ 4 

GaAs 7144 ^7\*}5L In Q5 (Al x G ai _ x ) Q5 P LED°1| 44^ GaP 7144 jl^fl 4°11 ^ 

#1S4. 



^ 18 5L51 341sl 44 ^14 €*)fe 444 4^)71^ 4^14, =1 4^5! 45Li si^4^1 44^^1 
4** §144^1 4^4. 4, ^ 4^14 44^1 4^4°11 44^1* 1^1, 444 ^5L°1 4el 141 

47)444. ^ 14, 1 205! ^ ^ 21 ESI 44 711451^4. 4 20 5L^r 44 ^1(94)3) 3J45L614 °1 4 

4 ^lfe *H*15| ^ 44471 ¥ 7flsi 44 4711(96 S 98)4 i444 4 44 47fl(96)si ^1 4(ioo) 
4 4^ 44 4711(98)^1 ^-4(notch) ^4 4444. 
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43 47-11(96 3 98)^r 4^4( furnace tube) ( 102) 3°fl 3344. 4^43 43 4*11(96)4 ^ 43 433 43 ?fl 
4(arcuate opening) ( 108) 7} 4SB(shaft) ( 106) 4 4444 434 **fl 43-4( 102) °11 33 3 ofl ^ gcf. 
443 43 43(98)^ 4^4 tfloflAj 433 4 $14. 33 3^4(air piston) 3 43 4*11(98)3 7114(112) 33 
443^r 45S( 104) 3 4434. 33 3^44 43 433, ^3 44 444 (110) 3 333 ^Hl 7>3 

434 °J442.4 44 3 3 (pneumatically control) 4 4 44. 



3 21 E.4 42:44, ^1 ^1 4 4( 112 ?3 114) 3 2.334 433 ^ $14. 34 3^43, 3 22 5L^r 

4 333(120)7} 2.33 343 3 1 43 43(116)4 3 2 43 43(118)4 5L3 44. 22 5L51 4334 31 

443 ^144 271 333^ ai^n 333 443 4333 3443 333 4«S3 4 $144 4 4 $14 45L 
$) 44°j 74114 43 5L 3-434 333( 120) 3 43(crackin g ) 53 444 3^443 343 4-^44. 414 3 
334 4343 44 45L33 ^ 4^4 °j7 r ^i| 44 o t7) | o j4 



333(112 3 114)7} 2.33 433 4 $13 44 3 21 £3 433^ 4 ^144 443 433 333^43 44 
43 33 fl fl#4 §14471 343 4434 334. ^4, 343 31443 443 435L 4434 334. 3 21 5L 
6] ^Hfe 01 44 34 2344 4343 4 334. 



a 4^ 7144,34 333 ^4 o.S^El 44*4 ^SLS flifsfl, 443 44 434 3*11 As - ? ,3(caP) £rP-?J 

^.s. £44 344 334. =l 44, 3 0.3. 334 31331:4 4<3 431 433 ¥34 334. ^1:4 333 a 
4*343 a43i>-3 4333 343, QSls, ^34 313^11:3 #33 ^4 344 7401 4^ ^ E 0^4. 
44, 334 31331-4 500°C4 2444 4^43 7}<i43 ^4 4333-2-33, 444 34 44#3 SI 
4 £43 441 S4. ^ 44, 31334 4443 ^4 4313 3514 44 ^1 444 3*11 4£4 f7M13 
4. 



£4, £4H 7}if 44 ^44°114^ ^ 2l < H( carrier) 451 47>» 3*11 14 44 4 20 SL3 4s4( 102)4 44 
*a»| § + $14. ^^4 5L4H 7>iS.44, H 2 Se, H 2 S, DETe ^ DMZn^l $14 4 $14. °1^4 4*1 p- ^ 4 

4^4 14 cl <H^t11 i*4n- 3 444 3*fl fit ^°14. 

4 20 5L3 44 4^1(94)4 ^ 18 5LS1 4^l7> ^-444 ^^.4 44 45L°iH ^^1 ^41^1 44°1 4 
$1711 4 4 $14. S4 44 45LoiiAi^ ^|51b»4 led 443 «H«1tr 4 44sl i]±s}H i&4, cl4 44 4 



LED°11 tfltb 31 ^1 4 443 a 4^ 44-*S^r 44^4 45L^14°fl 444 45L^1 344 4443, 31333 13 
4^4 37113 4334 4433^ 334. 443 434 444 343-^s 333 4sl 3 13 ^?4i 3*11 
III - V, IV a^r iv- IV 4E.34-S-4 4434 3 °-3, -^43^ II - VI LED 42:3 34 334. 443-5-4 n - vi 
43 444 III- V 45L3 SL^r SiC 344 ^4 333 3443 LED ±^ 7]7 ^^ w/^^ ^ 4334 443 
34 33 4434 334. 



(57) 343 33 
l^t 1. 

44 43-$-±4 light emitting diode; LED) 32: 43°11 434, 
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43 £3 S mm 4 A <3* Sr^si ^ 1 ^flSS 4#4?1 ^ j 7 1** ^14, 

-S-71 ^ 1 71* i?H -S-71 LED** LED 42# <g^*Hr 4314, 

LED4°H rfl^fl 44^ 44^ ^flS-^ 44 A <3 4* $H*| =I4( wafer bonding) «M 47l LED 42:^ 
44^41^ 431# S44^r 44 4°1^ Xla 44 

^4* 2. 

4 1 %H1 $1<H4 

47l LED 4 43- 43]^r A oM *fl 1 71* $H 44^ °fl3l^«ii ^4(epitaxially growing) *1 7) 43H:il, 4 

71 4 1 *1j3Lfe 433^ ^4 44(lattice constant) # 4^ 43-91 44 4^1-$-^ 43, 44 

^§4* a 

^ 1 *oHl 5a«>W, 

4?1 afl 1 71** XflTiSHr tMll- C-l i44^ a}-* 4°liH *fl2. 44 

^)4* 4. 

*)1 3 1H1 SZ^^i, 

-S-71 4 1 71** *WRr 431^r #71 44 A j 4 SIM*! 43H S4 4>*S^^r tfzlMaL, #7l ^ ^ 

4 -S-71 4 1 7l*ol ^711 #7] LED ^2^] #°fl 44 A j 7l 4* SIM*! l^Rr i^o] 44 4°UH ^2: 44 

^ i in sa«H>*i. 

^7l LED 42:°1| ^71 ^4^ 4* *H3| ^4^r A 0 M ?fl °1 jf) £tg- 7^ r^ 7 4i ^4(low resistanc 

e electrical connection) °1 5L4 al-MM ^l^fe 434H, 31 °1 5) 14€ A 0 M 44^1 <£S)-( so f ten i n g) f- 

3*11 45L# 44^41^ 7^ Ifsffe r}o| o.h 7112, «VHJ. 

^ 5*oHl 5fl°W, 

*Hs| *MS| it4« ^71 413 44( conformity)* 3*11 3413 i!4€ 43 4l°11 43* 3 

44^r 3* a44^ 4313 44 43^ ^12 44 

344 7. 

4 1 43 333, 

^11 4 4 343 471 413 344(interface) 4| tfl*fl In 44 441, Hg 44 444 Cd 44 441- 3 Zn 44 

441-s 433^ :i4°-S43 ^« 441* i44fe #* 47>4^r 431# c-i ifs4 44 4°1^^ 43, 4 
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3^ 8. 

i^il ^ LED 2j W ^7r« S^r a^V 7l^r(temporay growth substrate) ^-f^rfe ^14, 

A 1 W 7l^i 4 2 ?Kr LED lamination)* #7l 7}% i?H 

^ 7l^o.S «H3| Aj*J. grow th support surface)* $<$*Hr ^14, 

Aj-7] o^ Alaj qq. # 7 | ^ 71^1 Hl^H ^7>£ %flfr3| ^A^ ^q. ^ ^1+* 5fe 

<3^3 7l^o.S tfl^sl-fe S^H, ^A|aj Aj^v ufl^l t^lfe Aj- 7 ] led ^3] Aj-7] ^ i ^ ^1 2 

Tgs - «H A o > 7l 1^7]^ 3 H 5) ^ £?11« a^l-Jl, *MS| ^ #31 

7l*2f aj-7] LED ^o] oflAi ^5L# ^Hr^ ^*Hr i^-SRr tH-SLH 

9. 

^ 8%hi sa«H>H. 

-S-71 A^ 0 > tfl^ #31^ A o V 7 ] LED *o) AV 7 ] ^ 1 H«H -S-71 ^3 7l*§- *)1 Ol 5| # 7 ] ^ 

^ 7]}7]i}^ 3* S^&Rr H% t±o] i£ *112 «o V ^. 

10. 

^ 8 1H1 SA^K 

-S-71 Aj^j- X\7.]^ tfl^ £31^ A o V 7 ) LED *o) Aj- 7l ^ 2 n^) Al-7] ^t^H ^ # 

71 ^l*) Aj^l- 7]^ ^T^Rr 2£«-*Hr tW.$.H ^12 «o V ^. 

3^ 11. 

4 8%H1 fl^W, 

LED* $H ^ 2 SI #5^3] f-sM) 7]^* $Jo|s| z|^>^ c] i^M, #7l ^^aj 7I** aJ 

SL^l^ ^-^olHS., ^71 7l€# Afol^] AT- 7l LED *ol Xfl^^^ji. cfol ^ 

12. 

^ 8*oHl $i<HAL 

*Hols| Tj^l- ^^W-^a^o] ? fl5^^ ^-5L( carrier concentration) # ^7>Al 71 71 ^ A J-7l ^^aj 7l s& °1 Aj-71 ^ 

ol s| Tgjft J^oy 5LBlE( dopant ) 7^7]. ^aSLS e fe c^^s ^ n«T-^ Q% 7]}3, 

13. 

^ 8%H1 $l<HAi ; 
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^7} <&X\q q% ^ ^7} 7}%o.3, m*R= ^Hl m ^7} 7}%^ ^7} LES ^ ^51 

^(cap) 7flg_# £i( applying) «H *1^1?1tt ^l^, LED f^l tfl^ # 

71 *M 5| <H*fl 7l*2f A o > 7l LED *s - a^S. tM7} ^5l5]5L^ 7>*Hr 3 



£^ 1 
(HEIDI Sir) 
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172 164 
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